arXiv:hep-ph/0009186 15 Sep 2000

For Publisher’s use

RECONSTRUCTION OF SUPERSYMMETRIC THEORIES AT HIGH ENERGY SCALES

W. POROD Inst. de Física Corpuscular (IFIC), CSIC, E-46071–València, Spain E-mail: porod@ific.uv.es

We have studied the reconstruction of supersymmetric theories at high scales by evolving the fundamental parameters from the electroweak scale upwards. Universal minimal supergravity and gauge mediated supersymmetry breaking have been taken as representative alternatives. Pseudo-fixed point structures require the low–energy boundary values to be measured with high precision.

1. When supersymmetry is discovered and its spectrum of particles and their properties are measured, the mechanism of electroweak symmetry breaking must be determined. This will be related to the reconstruction of the supersymmetric theory at high energy scales. This problem will be addressed in this report. In particular, we will explore the bottom-up approach, which is the most unbiased method in this context. First indications might already be given by the particle spectrum and various experimental signatures. We assume that precision measurements at a high luminosity e^+e� linear collider^1 (LC) are available. More details and an extended list of references are given in Ref.^2.

As representative examples we study minimal supergravity (mSUGRA)^3 and gauge mediated supersymmetry breaking (GMSB)^4. mSUGRA is characterized by a GUT scale M_U of O(10^{16} GeV) where the gauge couplings unify. M_U is also the scale of supersymmetry breaking which is parameterized by a common gaugino mass parameter M_{1/2}, a common scalar mass parameter M_0 and a common trilinear coupling A_0 between sfermions and Higgs bosons. GMSB is characterized by a messenger scale M_m in the range between ∼ 10 TeV and ∼ 10^6 TeV. In this scenario the mass parameters of particles carrying the same gauge quantum numbers squared are universal. The regularity for scalar masses would be observed at the scale M_m while the gaugino mass parameters should unify at 1-loop order at the GUT scale M_U as in the mSUGRA case.

2. The mSUGRA point we have analyzed in detail, is characterized by: M_{1/2} = 190 GeV, M_0 = 200 GeV, A_0 = 550 GeV, tan β = 30, and sign(μ) = −. The modulus of μ is calculated from the requirement of radiative electroweak symmetry breaking. We have checked the compatibility of this point with b → sγ^5 and the ρparameter^6. We have used two-loop renormalization equations^7 to define the parameters at the electroweak scale where we also have calculated the threshold effects^8.

The parameters provide the experimental observables, including the supersymmetric particle spectrum and production cross sections. These observables are endowed with errors as expected from a future LC experiment^9. The analysis of the entire particle spectrum except the gluino requires LC energies up to 1 TeV and an integrated luminosity of about 1 ab�^1. The errors given in Ref.^9 are scaled in proportion to the masses of the spectrum. Moreover, they are inflated conservatively for particles that decay predominantly to τ channels, according to typical reconstruction efficiencies such as given in Ref.^{10}. Typically the relative errors expected from measurements at a Linear Collider are O(10�^3) for weakly interacting particles and O(10�^2) for strongly interacting particles (for more details see Table 1 in^2). For the cross sections we use purely statis-

For Publisher’s use (a) (b)

mSUGRA

Figure 1. mSUGRA: Evolution of (a) gaugino and (b) sfermion mass parameters in the bottom–up approach. The mSUGRA point probed is characterized by the parameters M0 = 200 GeV, M1=2 = 190 GeV, A0 = 550 GeV, tan β = 30, and sign(μ) = (�). [The widths of the bands indicate the 95% CL.]

tical errors, assuming a conservative reconstruction efficiency of 20%. In the case of the gluino we assume that LHC can measure its mass within an error of 10 GeV^{11}.

These observables together with the corresponding errors are interpreted as the experimental data from the experiment and they are used to reconstruct the underlying fundamental parameters. These parameters are evaluated in the bottom-up approach to the grand unification scale within the given errors. The results for the evolution of the mass parameters to the GUT scale M_U are shown in Fig. 1. The left-hand side (a) of the figure presents the evolution of the gaugino parameters M_i which apparently is under excellent control, as is the extrapolation of the slepton mass parameter in Fig. 1(b). The accuracy deteriorates for the squark mass parameters and for the Higgs mass parameter M_{H2} . This can be understood after inspecting the corresponding RGEs. In case of M_{Q̃1} the parameter receives a rather large contribution from M_3 when renormalized from the high scale down to the electroweak scale: The error on M_3 is large compared to M_{1,2} as can be seen from Fig. 1a) and is in turn the source of the error on the squark mass. In case of M_{H2} large Yukawa couplings lead to a pseudo-fixed point behaviour implying a rather weak dependence of the electroweak parameter on the original parameter at the high scale.

Inspecting Fig. 1(b) leads to the conclusion that the top-down approach eventually may generate an incomplete picture. Global fits based on mSUGRA without allowing for deviations from universality, are dominated by M_{1,2} and the slepton mass parameters. Therefore, the structure of the theory in the squark sector is not scrutinized stringently at the unification scale in the top-down approach. By contrast, the bottom-up approach demonstrates very clearly the extent to which the theory can be tested at the high scale.

3. The analysis has been repeated for gauge mediated supersymmetry breaking. Regularity among particles carrying the same gauge quantum numbers squared, should be observed in the evolution of mass parameters at the messenger scale M_m. The evolu-

For Publisher’s use

6

GMSB

Figure 2. GMSB: Evolution of sfermion mass parameters in the bottom–up approach. The GMSB point has been chosen as Mm = 2 � 105 TeV, Λ = 28 TeV, N5 = 3, tan β = 30, and sign(μ) = (�). [The widths of the bands indicate the 95% CL.]

tion of the sfermion mass parameters of the first/second generation and the Higgs mass parameter M_{H2} is presented in Fig. 2. It is obvious that M_{H2} approaches the mass parameter for the left-chiral sleptons M_{L1} at the GMSB scale which is indicated by the arrow. Moreover, the figure demonstrates clearly that GMSB will not be confused with the mSUGRA scenario as no more regularity can be observed at the GUT scale M_U .

4. The model–independent reconstruction of the fundamental supersymmetric theory at the high scale, the grand unification scale M_U in supergravity or the intermediate scale M_m in gauge mediated supersymmetry breaking, appears feasible. Regular patterns can be observed by evolving the gaugino and scalar mass parameters from the measured values at the electroweak scale to the high scales. The necessary high accuracy requires in addition to the LHC input values high– precision LC values. The future experimental input from LC is particularly important if the universality at the GUT scale is (slightly) broken.

Acknowledgments

I am grateful to G.A. Blair and P.M. Zerwas for a very interesting and fruitful collaboration. This work has been supported by the Spanish ’Ministerio de Educacion y Cultura’ under the contract SB97-BU0475382, by Spanish DGICYT grants PB98-0693, and by the EEC under the TMR contract ERBFMRX-CT96-0090.

References

1. H. Murayama and M. E. Peskin, Ann.

Rev. Nucl. Part. Sci. 46, 533 (1996); E. Accomando et al., ECFA/DESY LC Working Group, Phys. Rep. 299, 1 (1998); P. M. Zerwas, Proceedings, 1999 Cargèse Institute for High-Energy Physics, hep-ph/0003221.

2. G.A. Blair, W. Porod, and P.M. Zerwas, hep-ph/0007107.

3. H.P. Nilles, Phys. Rep. 110, 1 (1984). 4. G.F. Giudice and R. Rattazzi, Phys.

Rep. 322, 419 (1999).

5. A.L. Kagan and M. Neubert, Eur. Phys.

J. C7, 5 (1999); D.A. Demir, A. Masiero, and O. Vives, Phys. Rev. D61, 075009 (2000).

6. M. Drees and K. Hagiwara, Phys. Rev.

D42, 1709 (1990).

7. S. Martin and M. Vaughn, Phys. Rev.

D50, 2282 (1994); Y. Yamada, Phys. Rev. D50, 3537 (1994); I. Jack, D.R.T. Jones, Phys. Lett. B333, 372 (1994).

8. J. Bagger, K. Matchev, D. Pierce, and R. Zhang, Nucl. Phys. B491, 3 (1997).

9. G.A. Blair and U. Martyn, Proceedings, LC Workshop, Sitges 1999, hepph/9910416.

10. M.M. Nojiri, K. Fujii, and T. Tsukamoto, Phys. Rev. D54, 6756 (1996).

11. I. Hinchliffe et al., Phys. Rev. D55, 5520 (1997); Atlas Collaboration, Technical Design Report 1999, Vol. II, CERN/LHCC/99-15, ATLAS TDR 15.